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ABSTRACT 
Airborne V i s i b l e / I n f r a r e d  Imaging Spec t rometer  ( A V I R I S )  d a t a  

f o r  s i tes  i n  Nevada and Colorado were e v a l u a t e d  t o  de te rmine  t h e i r  
u t i l i t y  f o r  m i n e r a l o g i c a l  mapping i n  s u p p o r t  of g e o l o g i c  
i n v e s t i g a t i o n s .  I n i t i a l l y ,  t h e  bad d a t a  l i n e s  w e r e  removed by 
r e p l a c i n g  them w i t h  t h e  average  of a d j a c e n t  l i n e s .  Bad s p e c t r a l  
bands were r ep laced  by t h e  average  of a d j a c e n t  bands.  The dark  
s i g n a l  was s u b t r a c t e d  from t h e  d a t a  and t h e  d a t a  w e r e  normal ized  
u s i n g  an equal  energy  n o r m a l i z a t i o n ;  a t e c h n i q u e  commonly used  
w i t h  imaging s p e c t r o m e t e r  d a t a  t o  reduce  a l b e d o  e f f e c t s .  
Techniques p rev ious ly  used wi th  t h e  Airborne Imaging Spec t rometer  
( A I S )  w e r e  u t i l i z e d  t o  reduce t h e  A V I R I S  d a t a  t o  i n t e r n a l  average  
r e l a t i v e  ( I A R )  r e f l e c t a n c e  by d i v i d i n g  t h e  spectrum f o r  each  p i x e l  
of  t h e  image b y  t h e  g l o b a l  ave rage  s p e c t r u m  f o r  t h e  image.  
Spec t r a ,  p r o f i l e s ,  and s tacked ,  color-coded s p e c t r a  were e x t r a c t e d  
from t h e  A V I R I S  d a t a  us ing  an i n t e r a c t i v e  a n a l y s i s  program (QLook) 
and these d e r i v a t i v e  d a t a  were compared t o  A I S  r e s u l t s ,  f i e l d  and 
labora tory .cSpec t ra ,  and geologic  maps. Images showing t h e  s p a t i a l  
d i s t r i b u t i o n  of s p e c i f i c  m i n e r a l s  were made u s i n g  t h r e e  band 
co lor -composi tes  i n  t h e  QLook environment .  A f e a t u r e  e x t r a c t i o n  
a lgo r i thm was used t o  e x t r a c t  and c h a r a c t e r i z e  a b s o r p t i o n  f e a t u r e s  
from A V I R I S  and l a b o r a t o r y  s p e c t r a ,  a l lowing  direct  comparison of 
t h e  p o s i t i o n  and  shape of abso rp t ion  f e a t u r e s .  

Both muscovite and carbonate  s p e c t r a  w e r e  i d e n t i f i e d  i n  t h e  
Nevada A V I R I S  d a t a  by comparison w i t h  l a b o r a t o r y  and A I S  s p e c t r a ,  
and an image was made t h a t  showed t h e  d i s t r i b u t i o n  of  t h e s e  
m i n e r a l s  f o r  t h e  e n t i r e  s i t e .  However, s e v e r e  s i g n a l - t o  n o i s e  
problems degraded t h e  q u a l i t y  of a l l  s p e c t r a  e x t r a c t e d  from t h e  
A V I R I S  d a t a  and d i f f e r e n t i a t i o n  between c a l c i t e  and l imes tone ,  and 
muscovi te  and mon tmor i l l on i t e ,  p r e v i o u s l y  demons t r a t ed  w i t h  A I S  
d a t a ,  was not  p o s s i b l e  u s i n g  t h e  A V I R I S  s p e c t r a .  A d d i t i o n a l ,  
d i s t i n c t i v e  s p e c t r a  w e r e  l o c a t e d  f o r  an unknown m i n e r a l .  This  
mine ra l  was a l s o  l o c a t e d  wi th  A I S  d a t a  and it i s  l i k e l y  a z e o l i t e  
m i n e r a l ,  however, t h i s  has no t  y e t  been v e r i f i e d  wi th  f i e l d  o r  
l a b o r a t o r y  measurements. For t h e  two Colorado si tes,  t h e  s i g n a l -  
t o - n o i s e  problem was s i g n i f i c a n t l y  worse and a t t e m p t s  t o  e x t r a c t  
meaningful  s p e c t r a  were u n s u c c e s s f u l .  Problems wi th  t h e  Colorado 
A V I R I S  d a t a  were a c c e n t u a t e d  by t h e  I A R  r e f l e c t a n c e  t e c h n i q u e  
because  of  moderate v e g e t a t i o n  cove r .  Improved s i g n a l - t o - n o i s e  
and a l t e r n a t i v e  c a l i b r a t i o n  procedures  w i l l  be r e q u i r e d  t o  produce 
s a t i s f a c t o r y  r e f l e c t a n c e  s p e c t r a  from these d a t a .  Although t h e  
A V I R I S  d a t a  were u s e f u l  f o r  mapping s t r o n g  m i n e r a l  a b s o r p t i o n  
f e a t u r e s  and p roduc ing  mine ra l  maps a t  t h e  Nevada s i t e ,  it i s  
c l e a r  t h a t  s i g n i f i c a n t  improvements t o  t h e  i n s t r u m e n t  performance 
a r e  requi red  b e f o r e  A V I R I S  w i l l  be an o p e r a t i o n a l  i n s t r u m e n t .  
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INTRODUCTION 
The Airborne Vis ib le / Inf ra red  Imaging Spectrometer ( A V I R I S )  

i s  t h e  f i r s t  of a second generation of imaging spectrometers. I t  

i s  a 224-channel i n s t r u m e n t  measuring su r face  radiance over t h e  

s p e c t r a l  range 0 . 4 1  t o  2.45 pm i n  approximately 10 nm-wide bands 
(Porter  and Enmark, 1 9 8 7 ) .  The A V I R I S  is  flown aboard t h e  NASA U- 
2 and ER-2 a i r c r a f t  a t  an a l t i t u d e  of 20 km, with an instantaneous 
f i e l d  of view of 20  m and a swath width of 10  km.  I t  u t i l i z e s  a 
l i n e a r  a r r a y  of d i s c r e t e  d e t e c t o r s  and f o u r  i n d i v i d u a l  
spectrometers t o  c o l l e c t  data  simultaneously f o r  t h e  2 2 4  bands i n  
a 6 1 4  pixel-wide swath perpendicular  t o  t h e  t h e  a i r c r a f t  
d i r e c t i o n .  The forward motion of t h e  a i r c r a f t  moves t h e  ground 
f i e l d  of view across the  terrain.  

A ' J IRIS  was flown f o r  two w e l l  cha rac t e r i zed  s i t e s  during 
1987, one i n  Nevada and one near Cripgle  C r e e k  and Canon C i t y ,  

Colorado. The primary objective of t h i s  study was t o  a s ses s  t h e  
A V I R I S  da t a  c h a r a c t e r i s t i c s  and q u a l i t y  and t h e  usefulness  of t h e  

da ta  f o r  d e t a i l e d  mapping of subt le  l i t h o l o g i c a l  v a r i a t i o n .  The 
A V I R I S  d a t a  are  be ing  eva lua ted  us ing  image and spectrum 
p rocess ing  techniques based on known p h y s i c a l  p r o p e r t i e s  of 
geologic mater ia l s .  T h e  invest igat ion u t i l i z e s  laboratory,  f i e l d ,  
and a i r c r a f t  s p e c t r a l  measurements and geologic da ta  t o  eva lua te  
s e l e c t e d  c h a r a c t e r i s t i c s  of the A V I R I S  d a t a .  A V I R I S  da t a  a r e  
c a l i b r a t e d  t o  r e f l ec t ance  and t h e i r  c a p a b i l i t y  t o  d e t e c t  s u b t l e  
mineralogical va r i a t ions  i n  the  rocks and s o i l s  a t  both tes t  s i t e s  
i s  being tested.  

PREPROCESSING 
Preprocess ing  of t h e  A V I R I S  da t a  i s  r equ i r ed  t o  ob ta in  

spec t ra  t h a t  can be compared with laboratory spec t ra  and t o  allow 
mineralogical mapping. The AVIRIS  data  f o r  t h e  s i tes  used i n  t h i s  

s t u d y  w e r e  conve r t ed  t o  i n t e r n a l  average  r e l a t i v e  ( I A R )  

r e f l ec t ance  (Kruse ,  1988) u s i n g  f i v e  preprocessing s t e p s .  T h i s  

conversion has been successful ly  used w i t h  A I S  da ta  and does not 
r e q u i r e  a p r i o r i  knowledge of t h e  s i t e .  One band of t h e  raw 
AVIRIS d a t a  f o r  each s i t e  was read from t h e  t ape  t o  preview t h e  

da t a  coverage. Because t h e  AVIRIS da t a  sets a r e  very l a rge ,  a 2 4 4  

l i n e  by 1 9 2  sample subscene was s e l e c t e d  from t h e  raw band 
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previewed f o r  e a c h  s i t e .  S i x t y  f o u r  of t he  AVIRIS r a w  data  bands 
from t h e  D spectrometer  (1.83 t o  2.45pm) were u s e d  i n  t h e  s t u d y .  

The f i r s t  p r e p r o c e s s i n g  step was t o  l o c a t e  bad bands  i n  the  
AVIRIS data and r e p l a c e  them w i t h  the average o f  a d j a c e n t  bands .  
T h e  p o s i t i o n s  o f  t h e  bad bands  w e r e  r e c o r d e d  so  i n t e r p r e t a t i o n s  
would n o t  be made u s i n g  t h o s e  p a r t i c u l a r  bands.  T h e  n e x t  s tep  
i n  t h e  data p rocess ing  w a s  the  removal o f  bad data l i n e s .  The bad 

l i n e s  w e r e  replaced w i t h  t h e  average o f  a d j a c e n t  l i n e s .  The 

p o s i t i o n s  o f  the bad l i n e s  w e r e  a l s o  r eco rded  s o  as n o t  t o  be used  
i n  t h e  i n t e r p r e t a t i o n .  Next t h e  dark c u r r e n t  f i l e  w a s  s u b t r a c t e d  
from t h e  AVIRIS data se t .  Because o f  t h e  high n o i s e  level i n  t he  

dark c u r r e n t  f i l e ,  a r u n n i n g  7 l i n e  by 1 band box w a s  u s e d  t o  
f i l t e r  t h e  data .  T h i s  f i l t e red  dark c u r r e n t  f i l e  w a s  s u b t r a c t e d  
from t h e  A V I R I S  data  set .  An e q u a l  e n e r g y  n o r m a l i z a t i o n  w a s  
performed next  on t h e  AVIRIS data .  The n o r m a l i z a t i o n  w a s  done by 
c a l c u l a t i n g  a m u l t i p l i e r  f o r  each p i x e l  t h a t  scales t h e  data  t o  a 
t o t a l  image average  (Dyks t ra  and Segal, 1985; Kruse, 1987, 1 9 8 8 ) .  
T h i s  n o r m a l i z a t i o n  removes a l b e d o  d i f f e r e n c e s  a n d  t o p o g r a p h y  
effects by s h i f t i n g  t h e  s p e c t r a  t o  t h e  same re la t ive  b r i g h t n e s s .  
T h e  no rma l i zed  data  w e r e  f i n a l l y  c o n v e r t e d  t o  i n t e r n a l  average 
r e l a t i v e  (IAR) r e f l e c t a n c e  (Kruse,  1988)  . T h i s  method c o n v e r t s  
t he  data t o  a q u a n t i t y  approx ima t ing  r e f l e c t a n c e  by d i v i d i n g  the  

spec t rum f o r  e a c h  p i x e l  by t he  o v e r a l l  average spec t rum f o r  t h e  

image. T h i s  t echn ique  a l s o  removes t he  major a tmosphe r i c  f e a t u r e s  
because  t h e  average spec t rum c o n t a i n s  a tmosphe r i c  f e a t u r e s  which 

are divided o u t  o f  t h e  r e s u l t i n g  s p e c t r a .  Cau t ion  must be used  
when a p p l y i n g  t h e  I A R  r e f l e c t a n c e  t e c h n i q u e  b e c a u s e  s p u r i o u s  
f e a t u r e s  can be i n t r o d u c e d  i n t o  t he  c o n v e r t e d  spec t ra  i f  t h e  
average c o n t a i n s  s t r o n g  a b s o r p t i o n  f e a t u r e s  related t o  t he  s u r f a c e  
compos i t ion .  T h e  average spec t rum f o r  t h e  Nevada s i t e  d i d  n o t  
show any o f  these a b s o r p t i o n  f e a t u r e s .  The Cripple Creek  average 
da ta ,  however, had s t r o n g  v e g e t a t i o n  f e a t u r e s  w h i c h  p roduced  
unusual  spectra n o t  characteristic o f  g e o l o g i c  materials. 

DATA ANALY S IS 
A new software package called llQLookll developed by t h e  United 

S t a t e s  Geo log ica l  Survey i n  F l a g s t a f f ,  Ar izona  and  enhanced b y  

CSES w a s  used f o r  t h e  A V I R I S  data a n a l y s i s .  QLook i s  a so f tware  
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package t h a t  a l l o w s  i n t e r a c t i v e  a n a l y s i s  o f  imaging s p e c t r o m e t e r  
da t a .  T h i s  s o f t w a r e  r u n s  under t h e  T r a n s p o r t a b l e  A p p l i c a t i o n s  
Execut ive  (TAE) on MicroVAXII computers u t i l i z i n g  GKS graphics and 
an IVAS 1024 d i s p l a y  device. QLook can hand le  up t o  three m i l l i o n  
p i x e l s  a t  one t i m e  and needs 1 2  megabytes o f  address space .  Using 
a subscene  c o n t a i n i n g  244 l i n e s  and 192 p i x e l s  a l l o w s  64 bands t o  
be viewed a t  once. 

The IVAS d i s p l a y  device h a s  a 1024 by 1024 m o n i t o r  which 

shows t he  AVIRIS subscene  zoomed by f o u r .  T h i s  a l l o w s  ind iv i c iua l  
p i x e l s  t o  be selected f o r  t h e  s p e c t r a l  a n a l y s i s .  Pa r t  o f  t he  IVAS 

d i s p l a y  shows a s p a t i a l  image and the  rest of t h e  d i s p l a y  shows a 
stacked, g r a y - s c a l e d  o r  co lo r -coded  s p e c t r a l  image (Marsh and  
McKeon, 1983; Kruse,  1987, 1988) .  The stacked spectra co r re spond  
t o  a s l ice  t h r o u g h  t h e  s p a t i a l  image which c a n  be i n t e r a c t i v e l y  
selected i n  r e a l  t i m e  u s i n g  t h e  mouse. The mouse a l s o  c o n t r o l s  
t h e  s p a t i a l  l o c a t i o n ,  band, and stretch b e i n g  viewed. A movie 
s t e p p i n g  t h r o u g h  a l l  t h e  bands o f  t h e  s p a t i a l  image c a n  be 

d i s p l a y e d .  A three band c o l o r  c o m p o s i t e  c a n  be selected and 
d i s p l a y e d  as  t h e  s p a t i a l  image o r  t h e  stacked spectra and b lack  

and w h i t e  image can  be psuedocolored w i t h  f o u r  d i f f e r e n t  look-up- 
tables.  

T h e  GKS graphics  s o f t w a r e  i s  u s e d  t o  p l o t  t h e  spec t rum f o r  
t h e  p i x e l  a t  t h e  c u r r e n t  c u r s o r  p o s i t i o n .  A window w i t h  
i n f o r m a t i o n  a b o u t  t h e  c u r r e n t l y  viewed bands  i s  d i s p l a y e d  a l o n g  
w i t h  a window c o n t a i n i n g  t h e  stretch p l o t .  I n d i v i d u a l  spectra can 
be selected and  saved i n  a n o t h e r  window f o r  compar i son .  An 
average spec t rum from a group of  p i x e l s  can  be c a l c u l a t e d  and 
saved i n  a t ab le  a long  w i t h  t he  s t a n d a r d  d e v i a t i o n  and minimum and 
maximum v a l u e s .  The data  i n  t h i s  t ab le  i s  u s e d  as  i n p u t  i n t o  t h e  

f e a t u r e  e x t r a c t i o n  r o u t i n e s .  
One d i f f i c u l t y  c o n f r o n t i n g  researchers i s  t h a t  t h e  immense 

volume' o f  d a t a  c o l l e c t e d  b y  i m a g i n g  s p e c t r o m e t e r s  p r o h i b i t  
detailed manual a n a l y s i s .  CSES i s  deve lop ing  automated t e c h n i q u e s  
f o r  a n a l y s i s  o f  imag ing  s p e c t r o m e t e r  da ta  t h a t  e m u l a t e  t h e  

a n a l y t i c a l  p r o c e s s e s  u s e d  by a human o b s e r v e r .  Aut omat i c 
a b s o r p t i o n  f e a t u r e  e x t r a c t i o n  a lgo r i thms  have been developed  t h a t  

cont inuum i s  d e f i n e d  by  i d e n t i f y i n g  high p o i n t s  i n  t h e  spec t rum 
a l l o w  s u b j e c t i v e  c h a r a c t e r i z a t i o n  o f  a b s o r p t i o n  b a n d s .  A 
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and f i t t i n g  s t r a i g h t  l i n e  segments  between t h e  h i g h  p o i n t s .  The 
continuum i s  removed from t h e  data u s i n g  d i v i s i o n .  The low p o i n t s  
of t h e  r e s u l t i n g  spec t rum are i d e n t i f i e d  and t h e  p o s i t i o n ,  dep th ,  
and  w i d t h  of t h e  a b s o r p t i o n  bands  are  d e t e r m i n e d  (Kruse  and  
C a l v i n ,  1988) .  These r e s u l t s  a re  i n p u t  i n t o  a n  e x p e r t  sys t em 
which i d e n t i f i e s  t h e  m i n e r a l s  based upon f ac t s  and  r u l e s  derived 

from l a b a t o r y  s p e c t r a .  

Northern Grapevine Mountains, Nevada 
T h e  Nevada s tudy  area i n  t h e  n o r t h e r n  Grapevine Mountains has 

been  s t u d i e d  i n  d e t a i l  u s i n g  c o n v e n t i o n a l  g e o l o g i c  mapping, 
geochemistry,  f i e l d  and l a b o r a t o r y  r e f l e c t a n c e  spec t roscopy ,  and 
imaging spec t rometers  (Raines  and o t h e r s ,  1984; Wrucke and o t h e r s ,  
1984;  Kruse,  1987, 1 9 8 8 ) .  P recambr ian  bedrock  i n  t h e  area 
c o n s i s t s  of  sed imentary  ( l imes tone ,  do lomi te )  and metasedimentary 
rocks  (marble, h o r n f e l s ,  s k a r n )  . Mesozoic p l u t o n i c  rocks  i n c l u d e  
q u a r t z  s y e n i t e ,  a q u a r t z  monzoni te  po rphyry  s t o c k ,  and q u a r t z  
monzoni te  d i k e s .  T e r t i a r y  v o l c a n i c  r o c k s  ( p r i m a r i l y  T i m b e r  

Mountain Tuff,  Wrucke and o t h e r s ,  1984) are  abundant  a round t h e  

p e r i p h e r y  of t he  s t u d y  area. Quaternary d e p o s i t s  i n c l u d e  Holocene 
and P l e i s t o c e n e  fanglomerates ,  pediment gravels, and a l luv ium.  

The Mesozoic  r o c k s  a r e  c u t  by  n a r r o w  n o r t h - t r e n d i n g  
m i n e r a l i z e d  s h e a r  z o n e s  c o n t a i n i n g  s e r i c i t e  ( f i n e  g r a i n e d  
muscov i t e )  and i r o n  o x i d e  m i n e r a l s .  S l i g h t l y  b r o a d e r  zones of  
d i s semina ted  q u a r t z ,  p y r i t e ,  ser ic i te ,  c h a l c o p y r i t e ,  and f l u o r i t e  
m i n e r a l i z a t i o n  occur  i n  t h e  q u a r t z  monzonite porphyry .  Th i s  t y p e  
o f  a l t e r a t i o n  i s  s p a t i a l l y  a s s o c i a t e d  w i t h  f i n e - g r a i n e d  q u a r t z  
monzon i t e  d i k e s .  There  are  s e v e r a l  s m a l l  areas of q u a r t z  
s tockwork  exposed a t  t h e  s u r f a c e  1 1 1  t h e  c e n t e r  of t h e  a r ea .  
Skarn,  composed mainly o f  brown a n d r a d i t e  g a r n e t  i n t e rg rown  w i t h  

c a l c i t e ,  ep ido te ,  and  t r e m o l i t e ,  o c c u r s  a round t h e  perimeter of 

t h e  q u a r t z  monzonite s t o c k  i n  Precambrian rocks .  
The Nevada s i t e  h a s  been s t u d i e d  i n  d e t a i l  u s i n g  Ai rborne  

Imaging Spec t rometer  (AIS) data (Kruse,  1987, 1 9 8 8 ) .  F i g u r e  1 
shows a mosaic of 7 AIS f l i g h t l i n e s  o b t a i n e d  between 1984 and 
1986. A V I R I S  data have obvious advantages  over AIS because  of t h e  

10 km swath wid th  and  e x c e l l e n t  image geometry.  F i g u r e  2 shows 
p a r t  of  an  AVIRIS image f o r  t h e  Nevada s i te .  The AVIRIS d a t a  f o r  



t h i s  s i t e  w e r e  reduced t o  IAR re f lec tance  a s  described i n  t h e  
preprocessing s e c t i o n .  The QLook program was used t o  e x t r a c t  
spec t ra  f o r  areas of known mineralogy. Figure 3 shows an AVIRIS 
spectrum f o r  s e r i c i t e  ( f i n e  grained muscovite) compared t o  a 
l abora to ry  spectrum of muscovite. Figure 4 shows an AVIRIS 
carbonate spectrum compared t o  a laboratory spectrum of dolomite. 
Both AVIRIS spectra  a r e  very n o i s y ,  desp i te  the f a c t  t h a t  t h e y  m e  
averages of s e v e r a l  p i x e l s .  S e r i c i t e  and dolomite have very 
s t r o n g  a b s o r p t i o n  f e a t u r e s  and y e t  a r e  only mmrginally 
i d e n t i f i a b l e  us ing  t h e  AVIRIS d a t a  because of t h e  n o i s e .  
Additional spec t ra  w i t h  a broad band near 2 . 4  pm w e r e  located i n  
t h e  AVIRIS data .  Similar spectra  f o r  an unident i f ied  mineral were 

a l s o  loca ted  with AIS data  and the  mineral  i s  l i k e l y  a z e o l i t e ,  
however, t h i s  has not y e t  been ve r i f i ed  with f i e l d  o r  labora tory  
measurements. Known occurrences of montmoril lonite a t  t h i s  s i t e  
w e r e  not i d e n t i f i e d  using t h e  AVIRIS data  and it was not possible  
t o  d i s t i n g u i s h  between dolomite and c a l c i t e  using t h e  AVIRIS. 
These f ind ings  ind ica t e  t h a t  t h e  AVIRIS data  i s  not a s  usefu l  as  
t h e  AIS data  f o r  mapping s u b t l e  mineralogical va r i a t ion ,  primarily 
because of signal-to-noise problems. 

C r i p p l e  C r e e k / C a n o n  C i t y ,  C o l o r a d o  
The Cr ipple  C r e e k  mining d i s t r i c t  i s  l o c a t e d  2 1  m i l e s  

southwest of Colorado spr ings (Figure 5 ) .  The d i s t r i c t  i s  hosted 
b y  a s i l i ca-undersa tura ted  a l k a l i c  i n t r u s i v e  complex (Thompson, 
1986).  The most voluminous rock w i t h i n  t h e  in t rus ive  complex i s  a 
phono l i t i c  brecc ia .  T h i s  breccia has a bimodal s i z e  d i s t r i b u t i o n  

and c o n t a i n s  Precambrian and T e r t i a r y  rock fragments .  The 
t ex tu re ,  s t r u c t u r e  and composition of t h e  suggest a diatreme-like 
o r i g i n  showing seve ra l  roo t  cen ters  and episodes of a c t i v i t y  
(Wobus and o thers ,  1 9 7 6 ) .  The P i k e s  Peak Grani te  borders  t h e  
Cripple Creek d i s t r i c t  t o  t he  north and i s  a m e d i u m  t o  coarsely 
c r y s t a l l i n e  hornblende-bioti te granite,  l o c a l l y  grading t o  quartz 

I monzonite. Lode gold minera l iza t ion  i s  hos ted  b y  t h e  upper 
Oligocene age phonol i t ic  breccia pipes which have produced over 2 1  

mi l l ion  ounces of gold s ince discovery i n  1891. The objec t ive  of 
t h e  work a t  Cripple C r e e k  i s  t o  i d e n t i f y  and map l i t h o l o g i c a l  

I 
I 
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v a r i a t i o n  related t o  emplacement of the i n t r u s i v e  r o c k s  and s u b t l e  
l i t h o l o g i c a l  v a r i a t i o n  caused  by hydro thermal  a l t e r a t i o n .  I t  i s  
e x p e c t e d  t h a t  t h e  A V I R I S  da t a  w i l l  c o n t r i b u t e  t o  a b e t t e r  
u n d e r s t a n d i n g  o f  t h e  v o l c a n i c  c e n t e r  and  t h e  p r o c e s s e s  t h a t  
l o c a l i z e d  the  g o l d  d e p o s i t s .  

T h e  Canon C i t y  Embayment l i e s  20  m i l e s  d i r e c t l y  s o u t h  o f  t he  

Cr ipp le  C r e e k  min ing  d i s t r ic t .  I t  i s  a la rge  s y n c l i n e  which 

p i tches  t o  t h e  s o u t h e a s t  and  c o n t a i n s  long ,  c o n t i n u o u s  s u r f a c e  
exposures  of sed imentary  rocks  r ang ing  from Ordovic ian  t o  T e r t i a r y  
age ( S c o t t  and  o t h e r s ,  1 9 7 8 ) .  T h e  s e d i m e n t a r y  u n i t s  i n c l u d e  
l i m e s t o n e s  and d o l o m i t e s ,  conglomera tes ,  s a n d s t o n e s ,  s i l t s t o n e s ,  
a n d  sha le s .  T h e  embayment i s  bounded on t h e  w e s t  s ide by 
P recambr ian  g r a n i t e s ,  g n e i s s e s  and  schists and  t o  t h e  n o r t h  by 
Precambr ian  g r a n o d i o r i t e .  The Canon C i t y  o i l  f i e l d  has p roduced  
o v e r  1 4  m i l l i o n  bar re l s  o f  o i l  s i n c e  i t s  d i s c o v e r y  i n  1887 .  The 

o b j e c t i v e  o f  t h e  work a t  Canon C i t y  i s  t o  i d e n t i f y  a n d  map 
l i t h o l o g i c a l  v a r i a t i o n  re la ted t o  p r imary  sed imen ta ry  d e p o s i t i o n  
a n d  subsequen t  changes  produced  by s u r f a c e  w e a t h e r i n g .  I t  i s  
a n t i c i p a t e d  t h a t  t h e  imag ing  s p e c t r o m e t e r  d a t a  w i l l  p r o v i d e  
i n f o r m a t i o n  a b o u t  s u b t l e  l i t h o l o g i c a l  v a r i a t i o n  w i t h i n  mapped 
u n i t s  t h a t  w i l l  l ead  t o  a n  improved  u n d e r s t a n d i n g  o f  t h e  

c o n d i t i o n s  of d e p o s i t i o n  o f  t h e  sedimentary rock sequence. 
T h e  Cripple Creek/Canon C i t y  A V I R I S  data  w e r e  reduced  t o  IAR 

r e f l e c t a n c e  u s i n g  t h e  p r o c e d u r e s  d i s c u s s e d  i n  t he  p r e p r o c e s s i n g  
s e c t i o n .  QLook was used  t o  e x t r a c t  s p e c t r a  from the  da ta  and t o  
p roduce  images and stacked, co lo r -coded  spectra.  N o  meaningfu l  
s p e c t r a  cou ld  be e x t r a c t e d  from t h i s  data set b e c a u s e  of severe 
s i g n a l - t o - n o i s e  problems.  Problems w i t h  t h e  Colorado  A V I R I S  da ta  
w e r e  a c c e n t u a t e d  by  t h e  I A R  r e f l e c t a n c e  t e c h n i q u e  b e c a u s e  o f  
modera t e  v e g e t a t i o n  c o v e r .  A l t e r n a t i v e  c a l i b r a t i o n  p r o c e d u r e s  
w i l l  be r e q u i r e d  t o  produce  s a t i s f a c t o r y  r e f l e c t a n c e  spectra even 
when t h e  s igna l - to-noise  problems are c o r r e c t e d .  

CONCLUSIONS 
Software h a s  been developed t o  c o r r e c t  A V I R I S  data  f o r  bad 

l i n e s  and  bad bands .  A d d i t i o n a l  p rocedures  have been developed 
f o r  d a r k  s u b t r a c t i o n ,  n o r m a l i z a t i o n  a n d  r e d u c t i o n  t o  IAR 
r e f l e c t a n c e .  I A R  r e f l e c t a n c e  images have been produced,  spectra  
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e x t r a c t e d ,  and m i n e r a l s  i d e n t i f i e d .  Absorp t ion  f e a t u r e s  have been 
s u c c e s s f u l l y  e x t r a c t e d  and c h a r a c t e r i z e d  f o r  A V I R I S  spectra  u s i n g  
automated f e a t u r e  e x t r a c t i o n  p rocedures .  F i r s t  r e s u l t s  from t h e  
Nevada AVIRIS da ta  f o r  a r e a s  of known mine ra logy  show matches  
between e x t r a c t e d  a b s o r p t i o n  f e a t u r e s  and l a b o r a t o r y  measurements 
desp i te  s i g n a l - t o - n o i s e  problems.  I n i t i a l  e v a l u a t i o n s  o f  t h e  
Colorado  AVIRIS da ta  i n d i c a t e  t h a t  image geometry i s  e x c e l l e n t ,  
however, severe s i g n a l - t o - n o i s e  problems have h i n d e r e d  e v a l u a t i o n  
of  s p e c t r a l  c h a r a c t e r i s t i c s .  

E v a l u a t i o n  of  t h e  1987 data w i l l  c o n t i n u e ,  w i t h  a d d i t i o n a l  
l a b o r a t o r y  a E a l y s i s  acd f i e l d  i n v e s t i g a t i o n s  p l a n n e d  f o r  t h e  
remainder  o f  1988 and 1989. Analys is  s o f t w a r e  w i l l  be r e f i n e d  and 
a d d i t i o n a l  a l g o r i t h m s  developed.  A d d i t i o n a l  A V I R I S  da t a  h a s  been 
requested f o r  t h e  1988 f l i g h t  season and i f  t h e  improved s i g n a l -  
t o - n o i s e  i s  adequa te ,  t h e  d a t a  w i l l  be r e - e v a l u a t e d  f o r  mapping 
s u b t l e  l i t h o l o g i c a l  v a r i a t i o n .  
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Figure 1 Nevada AIS s ingle  band mosaic, 2 . 0  pm. 

Figure 2 Nevada A V I R I S  s ingle  band image, band 29 ,  . 6 7  pm. 
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Figure  3 .  Nevada AVIRIS s e r i c i t e  
compared t o  l a b  
spectrum of muscovi te .  
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Figure  4 .  Nevada A V I R I S  spectrum 
compared t o  l a b  
spectrum of dolomi te .  

86 



~~~~ ~~ ~~~ ~~~~~~~~~ 
~~ 

F i g u r e  5. L o c a t i o n  of Canon C i t y  and  C r i p p l e  C r e e k  AVIRIS s t u d y  a r eas  
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